The European Molecular Biology Laboratory (EMBL) database accession numbers of the internal transcribed spacer (ITS) rDNA and β-tubulin (Btub) for the case isolate of Trichophyton onychocola CCF 4802 are LN589976 and LN589971, respectively. 
Introduction
Dermatophytes are a group of ecologically and phylogenetically related keratinophilic filamentous fungi comprising agents causing superficial human and animal mycoses. The superficial dermatomycoses affect a significant part of the world's population [1] and considerable economic costs are associated with treatment and prevention of these diseases worldwide [2, 3] .
The pathogenic potential of geophilic dermatophyte species is relatively low in comparison with anthropophilic and zoophilic dermatophytes and they usually cause approximately 1% of all dermatophytoses [4, 5] . Geophilic dermatophytes encompass a high and still rising number of species in part due to the increasing use of molecular methods in species identification. Moreover, in the last few years, several presumed geophilic dermatophytes have been isolated from clinical material. Trichophyton eboreum was associated with a case of tinea pedis [6] and a skin infection [7] . Soon after the original description, the species was isolated from badger and rabbit burrows and its sexual stage was discovered in mating experiments [8] . Microsporum mirabile was isolated from human toenail and two asymptomatic animals, and described together with its sexual state [9] . Most recently, two new geophilic species were isolated from Czech patients [10] , T. onychocola from a toenail, [11] and M. aenigmaticum from skin [12] . The descriptions of both species was based on a single isolate and lacked the description of sexual states.
In this study, we report a second case of isolation of T. onychocola from human clinical material. The sexual stage of this species (arthroderma-morph) was induced by mating experiments in various cultivation conditions and described using optical as well as scanning electron microscopy.
Case report
A 56-year-old man of Kurdish descent living in Copenhagen presented in October 2012 with suspected onychomycosis of his left great toenail. Aside from noninsulin dependent diabetes, he was healthy. Prior to the current episode, the patient had a history of Trichophyton rubrum onychomycosis in the same toenail verified by culture in 2004. Treatment with itraconazole for 3 months and 5% amorolfine solution for one year cleared the infection. In 2011, the condition relapsed. Both culture and polymerase chain reaction (PCR) analysis were positive for T. rubrum. Successive 3 months treatment with terbinafine and itraconazole combined with 5% amorolfine solution was prescribed. However, PCR analysis in June 2012 was still positive for T. rubrum. This led to the referral of the patient to the department of dermatology and discontinuation of itraconazole.
At the out-patient clinic hyperkeratosis and nail dystrophy in the distal part of the left great toenail were observed. However, nail growth in the entire proximal half was normal and no other nails were affected. Nail sampling and mycological examinations were done and both direct microscopy (10% KOH) and culture were negative. Hence, the infection was regarded in remission which was confirmed at follow-up in January 2013.
In September 2013, the patient presented with distal and lateral nail dystrophy and yellow discoloration suggesting reinfection (Fig. 1) . Direct microscopic nail examination (10% KOH) showed few hyphae and spores. Culture (Sabouraud glucose agar, SGA, with and without chloramphenicol and cycloheximide) was positive. Colonies were granular and spiral hyphae were observed. A tentative diagnosis of T. mentagrophytes infection was suggested (zoophilic T. interdigitale according to current taxonomy [13] ). At the reference laboratory the isolate was found to have only one base pair difference (1/600 bp) when compared to the ITS sequence of species recently described and proposed under the name of T. onychocola (strain CBS 132920 T = CCF 4259 T = UAMH 11826 T ; EMBL accession number HF937405). In comparison, the isolate shared 96% sequence identity to Arthroderma melis (CBS 669.80 T ).
The partial β-tubulin gene sequence was identical with the 
Materials and methods

Molecular studies
DNA isolation from nail samples and a multiplex PCR for detection of dermatophytes and direct identification of T. rubrum was performed according to BrillowskaDabrowska et al. [14, 15] . ArchivePure DNA yeast and Gram2+ kit (5 PRIME Inc., Gaithersburg, Maryland) was used for DNA isolation from 7-day-old cultures according to manufacturer instructions as updated by Hubka et al. [16] . The reaction mixture and PCR protocol was described by Hubka et al. [17] . Primers ITS1 and ITS4 [18] were used for amplification of ITS rDNA region. Partial β-tubulin was amplified with primer pair Bt2a and Bt2b [19] . All terminal primers were used for DNA sequencing.
Sequences were inspected and assembled using Bioedit v. 7.0.0 (www.mbio.ncsu.edu/BioEdit/bioedit.html). Alignments of the regions were performed using the FFT-NSi strategy, as implemented in MAFFT v. 6.861b [20] . The ITS and β-tubulin loci were combined, and maximum likelihood (ML) analysis was performed using MEGA6 [21] with bootstrapping (1000 replicates). The analysis was performed with the K2+G model as estimated using the same software. The retrieved sequences were mostly published in studies by Rezaei-Matehkolaei et al. [22] , Beguin et al. [23] , Hubka et al. [12, 24] , Choi et al. [9] , and Lyskova et al. [25] ; and the EMBL/GenBank accession numbers are listed in Table 1 .
We tried to amplify the idiomorphs of the MAT locus from T. onychocola and its relatives by using all primer combinations previously published by Kano et al. [26, 27] , Li et al. [28] , and Symoens et al. [29] Table 1 . A list of fungi and sequence accession numbers (those in bold were generated for this study) used for phylogenetic analysis.
GenBank/EMBL Accession Nos. and 1 l distilled water) plates, and were incubated at 17 and 25
• C in the dark. Second set of the same media was supplemented by sterilized blond child hairs placed on the medium surface. All plates were inoculated in duplicates and all strain were plated also alone on each medium as a control. The plates were sealed with Parafilm and examined weakly for 3 months under a stereomicroscope for the production of ascomata.
Phenotypic studies
Lactic acid with cotton blue was used as a mounting medium for observation of the micromorphology of the subcultures. Photographs were taken on the Olympus BX-51 microscope (Olympus DP72 camera) using Nomarski contrast. Macromorphology of the colonies was documented using binocular loupe Olympus SZ61 (with Olympus Camedia C-5050 Zoom camera) or Canon EOS 500D. Scanning electron microscopy (SEM) was performed using a JEOL-6380 LV scanning electron microscope (JEOL Ltd. Tokyo, Japan). Pieces of colonies or mature ascomata were fixed in osmium tetroxide vapours for one week at 5-10 • C and gold coated using a Bal-Tec SCD 050 sputter coater. The specimens were observed using 40 μm spot size and 15-25 kV accelerating voltage.
Results
Amplification of MAT genes and mating experiments
The amplicons of MAT1-2 gene were only observed when using primer pairs TmHMG3R and TmHMG3S [27] , or MF1 and MF2 [29] ; the PCR with other primer pairs was unsuccessful. In the first case, the PCR yielded fragments with approximate length of 100 bp (Fig. 2) Ascomata resembling structures develop on nutrient poor media (water agar, PCA, OA, Takashio medium) with addition of keratin source. They are whitish and occur on the hairs as well as on the agar surface together with ascomata. They are also abundantly present when the particular isolates are inoculated alone. Their shape is globose but commonly irregular, they occur solitary or in clusters. They are composed of conidiophores producing conidia and never contain ascospores the surface is covered with abundant spirally coiled appendages protruding up to 250 μm above the surface. Dried cultures with cleistothecia were deposited into the herbarium of the Mycological Department, National Museum in Prague (PRM) as PRM 924058 and PRM 924059.
The asexual state and colony morphology of both isolates of T. onychocola were identical and described by Hubka et al. [11] . The inability to grow at 34
• C on MEA was also confirmed in Danish isolate CCF 4802 as previously observed by Hubka et al. [11] in the ex-type strain CCF 4259. Red pigment was produced into hairs by T. onychocola isolates on water agar.
Differentiation of T. onychocola from related or phenotypically similar dermatophytes
The morphological and physiological features that can be useful in differentiation of T. onychocola from closely related geophilic dermatophytes or other phenotypically similar dermatophytes are summarized in Table 2 . Here we only summarize our observations or mention some features that are not included in Table 2 . All species included in differential diagnosis are heterothallic with exception of homothallic A. ciferrii (T. georgiae) [31, 32] and clonal T. rubrum [33] [34] [35] . Arthroderma ciferrii is able to grow at can be found in the shape and dimensions of peridial cells [31] . The growth profile of T. onychocola is most similar to that of T. thuringiense [11] , but this species does not produce ascomata resembling structures and the general morphology of colonies is different. Trichophyton thuringiense also produces multicelled macroconidia and large chlamydospores that were not observed in T. onychocola [11, 36] .
Trichophyton terrestre is a complex of at least three heterothallic biological species [37] [38] [39] . The sexual state of T. terrestre strains isolated from clinical material usually belongs to A. quadrifidum [5, 40, 41] . [37] [38] [39] [42] [43] [44] [45] . The colonies of T. eboreum, another geophilic species known from clinical material [6, 7] , are whitish with feathery margins and without reverse colouration; the species also produces abundant club-shaped, multicelled macroconidia. Colonies of zoophilic strains of T. interdigitale and T. mentagrophytes s. str. are usually brown and granular with dark brown reverse, the isolates of these species usually produce at least some cigar-shaped macroconidia and are capable of growth at 37
Discussion
Almost all dermatophytes are heterothallic fungi and two opposite mating type isolates are necessary for induction of ascomata. The exceptions are homothallic A. curreyi (with anamorph usually referred to as Chrysosporium sp.) and A. ciferrii (T. georgiae) [32] . Biological species concept with assessment of biological species boundaries by mating experiments is in general well applicable on species of geophilic dermatophytes [8, 9, 38, 39, 44, [46] [47] [48] . In contrast, mating experiments can considerably disagree with concept of classical species of anthropophilic and zoophilic dermatophytes [34, [49] [50] [51] as they represent relatively phylogenetically young species with incomplete prezygotic reproductive barriers. Very specific conditions can be necessary for induction of sexual state in heterothallic fungi, these include specific media, temperature, light and presence of host in some pathogenic fungi [29, 46, [52] [53] [54] [55] [56] . Discovery of fungal genes responsible for sexual and somatic incompatibility facilitated the process of induction of sexual state in many different groups of fungi. Especially characterisation of mating type (MAT) genes has become a routine part of this process in heterothallic species. In this study, we characterised main MAT idiomorphs in T. onychocola and its relatives (Fig. 3 ) using previously developed primers [27, 29] and successfully induced the production of ascomata (Figs 4 and  5) . The gymnothecia were observed on variety of media but only those supplemented by keratin and cultivated at 17
• C (the influence of light was not studied and all crosses were incubated in the dark). The crosses between opposite mating type isolates of T. onychocola and related species yielded neither gymnothecia nor other ascomata-like structures. Arthroderma ciferrii, however closely related to T. onychocola, was not included in the mating experiments because its homothallism was confirmed previously in several monoascosporic isolates [31] .
Trichophyton onychocola is placed into the basal clades of the phylogenetic tree of dermatophytes s. l. (Fig. 3) . These clades include almost exclusively geophilic and rarely pathogenic dermatophytes among which T. terrestre is the best known. Previous phylogenetic studies have shown that phylogeny correspond well with ecology [13, 57] . Phylogenetic data, low temperature optimum for growth, mating behaviour, and morphological similarity of both sexual and asexual state of T. onychocola to other geophilic Trichophyton species strongly suggest that the species is geophilic. At this time, T. onychocola is only known from two collections from the temperate zone in Europe. Arthroderma melis and T. thuringiense, two closely related geophilic species, were also described from the central Europe region [36, 44] , and an additional isolate of T. thuringiense CBS 124118 (=CBS 132929 = DSMZ 25999) was later isolated from a toenail under the suspicion of onychomycosis [58] . Arthroderma ciferri, another closely related species, was first isolated from soil and opossum hairs in the United States [31] and later found in many other countries of the temperate zone worlwide (UAMH culture collection catalogue [The University of Alberta Microfungus Collection and Herbarium]). These data may suggest that all these species coexist in relatively similar ecological and geographical conditions. However, the identification of these isolates was mostly not verified by sequence data and systematic studies on the diversity of soil-borne dermatophytes identified by molecular methods are lacking worldwide. For these reasons the true ecological distribution of these species remains unknown.
The isolation of common etiological agents of onychomycosis (e.g., T. rubrum and T. interdigitale) is usually considered to be sufficient to confirm the diagnosis. In rarely pathogenic geophilic dermatophytes and nondermatophytic fungi, however, the positive direct microscopy and repeated isolation should be conducted before the final diagnosis is made. Further cases meeting these criteria are needed to confirm if T. onychocola is a significant agent of superficial infections in humans. It is possible that this species can be in fact more frequent than it may seem. Morphological identification of T. onychocola can be challenging because of its similarity to some common dermatophytes. Czech isolate was first identified as T. rubrum based on intensive red reverse pigmentation on SGA slants and later when the colonies became granular and abundant spiral hyphae were observed in microscope slides, the identification was changed to "zoophilic strain of T. interdigitale" [11] . A similar situation occurred in Danish case (this study). In general, it is recommended that molecular methods are used for correct identification, especially in ambiguous cases. Inability of T. onychocola to grow at 34
• C can be used as a quick distinguishing feature from common pathogenic dermatophytes.
